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(54) DEVICE AND METHOD FOR GROWING CRYSTAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a device and a 
method for growing a GaN-based semiconductor crystal film 
having good quality by inexpensive and simple constitution. 
SOLUTION: In a crystal growing device 20, a substrate 26 is 
placed in a reactive chamber 21 with its crystal growing 
surface down by a susceptor holder 27 and a susceptor 24 
and a susceptor rod 22 is moved up and down to adjust a 
position between the substrate 26 and a gas supply pipe 28 
arranged with its injection port toward the substrate 26. In 
the crystal growing device 20, current passes through an 
induction heating coil 29 to make the susceptor 24 a heating 
source to heat the substrate 26, and when a raw material gas 
including TMG, TMA, TMI, ammonia, hydrogen, and nitrogen is 
supplied from the gas supply pipe 28, the raw material gas 
flows outward in the radial direction from the center of the 
surface of the substrate 26 to always supply the fresh raw 
material gas to the crystal growing surface of the substrate 
26 from the gas supply pipe 28 to grow a GaN-based 
semiconductor crystal having good quality on the surface of 
the substrate 26. 
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[0 0 6 2] -^fc. if 1 4 JcfBic-r^ J: 9 

p^^mbP J: ^) tttjfHSWlJJ^^M^bT. 

CO fig ^ -e® ^ b T lat^ $ ti. ^ ^ A w ;o ^ b tu tasjJ^ 

[0 0 6 3] iitEtSj3gi;i SiJ^i^St^'^^bTiv^ 

:gr 4^ <Jr b T f*|& (75 itLW 

{^WM-r^tthlz^ ^(D;^^^coRA^aibP;0^*«to*S 

g ^ 5 fJJ ^ ffi i ^ ^ ^ b l±t 1^ 

BA^ttibp j:t9 t>*«fijjt^5iftbT. m%mm(D'^^um. 

S^tf 5f|iJco^ffi(75fflS-fW] b'f5:g"efeoTf^:^fB]:^f;^(7:)fi 

g^-e®fibxiais:bTv^^c7^-c\ ^^^^^AW/O^boftit 

^Mz.m^(DlS::^X1S:^m^mt-hmm\zmm^Mz.W^ 

n^^::^(Dm,t^^x)^^x)-'mnM^^x^ ^K^—mwM:^^-^ 
^mm(DHm^^ «9 -JiWfij bx. sj^;^^i§c7)^rf-sj* 

[0 0 6 4] 

n CO fig^t t c PS b ^ (7) 



K^t6^&^^^T^bV^ 
^^cofE«c;0^?tV^PS^9. 
[0 0 6 5] mi\±. *^§^cO»£S^«ygg^U^*£S^ 
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[0 0 6 6] :^mM(DmWM. "^^sf^M'^^TJjl^l^l^ 
Jjl^mm^nt^M^ :^^mR(7:)'^^s^ 

nx. m\^±M.mmutmm^nr^mm^mi^mm^^ 

[0 0 6 8] Rjt^^^2 i^ia^^ ±m':7'7>^i^i^mm 

x^3^)^ ^±zf^—u^yYr2 2(Drm9^mma±. 

M(D1^ir:7°^-:^/^-2 3 ^^VXimUtf^^^^y 

^—2 4 fjm^Hnhnxi^^o ^^y^—^^<—2 s 
(DAim\a±. ^^zf^—n K2 2(DmM'r^^i(Dm^}^ 

^nrcmmW2 smm^nx^^^^o 

[0 0 6 9] ^^y^ — 2 4l±. Ell t^*5V^X_bTffi/0^ 

x^^. :^—y^>xm^^nx. ^(Dmm-^^^s i c m 

it^m) x:=i—'r^>'-^'^rix\^^^.. mii^^^^x. ^ 

tr^cD-u^moVtmxmm^ntmmvt. 

P]mM'^(D^^':f^—yi^/u^^2 7 j: t9 ^^ir^^^— 2 4 

2 7(DTm(Dm^U2 7 a t (Dmi:imw^nfz.v^mx^ 

mm 2 6 J^. IS^B^e^g 2 0 (7)HJ^:^^:gg 2 1 ;^^^B::fr 

vtmxEm^nx^^^o 

[0 0 7 0] Ste2 6J^, i^^:7'^ — K2 2 ;^^_hT 
[0 0 7 1 ] m^mf^MmW: 2 0 R}tm^2 1 COT^^S 

^lflih-r^TfMfJ:7^>-i^^miibT. Hj4^^^2 1 F^tr: 

?;f:£»SA^^^S"e;^^^#^rptf 2 s ^^wM&nx^ 

^ > 2 8 i^^cDrnma-^mm 2 6 ^sf^^s 

j© L T m^\M.jj [B] V ^ fc^ftB-tf^iat^ $ T V ^ ^ o 
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[0 0 7 2] »SfB^S^g2 0 RJt^mM2 1 C7:):^gP 

^^y°^-2 4(Dmr^^9^vtmxmmMmm^4 
JU2 9^mm^nx:^^ . m^^Mmm^4/i-2 m 

Wl2 ^(DMfm.hf^^'^'^y°^—2 4^m^\wm:^^^ 

[0 0 7 3] }LUlSy.Witm2 8t'-h\±. K«2 6_btC 

GaN, A 1 N, I nNfo^VM^^;h.?5(D?^H^;^^^i-f- 

■^b o 

[0 0 7 4] m^. ifmM(ojm.(o\^mmmi'r^o *s 

H^B^g^g2 OJl. i^ir:7°^-/J^/^^^^2 7cO«:f#g|12 7 
a _btca«2 6 ^tt-fr. /J>/l-^^2 7F^tCih^ 

Zf^ — 2 4^^7Kt^Z.}l\-C^'0. ^±y^—2 4(D^ 
mX^±y°^—yi^/^^^2 7(Di^WU2 7 a t^±^^ — 

2 4 t(Dmi^^ '^^m}^Mm^rjj\^i^\^ntz.mMxmm 
2 6 ^mw-r^o 

[0 0 7 5] :L(DmU2 5^i^Wl^^^y^--2 4(DU 
m^nX^^^^±y°^—yi^/l^^^2 7lZ^±'7°^ — U <y K 

2 2(Dm"^^Mz.^'^y'^ — tl^<2 4RXlW^m2 6 ^ 

M^Hnx. i^ir:7°^ — n -/ K2 2(DKil^§_b{|iJ:7^ 

[0 0 7 6] ^fz... m.m^m^2 KDTm^. isy^Wi^m 
2 s(D^^Hn^rifz.-rmy'7:yi^^^^Hnx. Rjt 

mm 2 1 (Drit^^m±'r^o 

[0 0 7 7] 7X1^. 1^-^:7°^ — n-/ K2 2^iiT#»]^ 

i^T. ^^^#t|&w2 8 <ha«2 6 t(Di±mm^^n-yfz. 

f^. SJ^i^SI§2 1 rtc7:)^^^#^MbX. Rj^^m^2 irt 

[0 0 7 8] bfri/^^o-C. S«2 6fl. M;^<^rflK»^ 
f^C7)-<:^ h^l-^^M^X^CD'^^mf^Mmmi^'t^'^MX 

Mm^nX:^^. 2 8 J^. ^(DPtltn/O^Ste 

2 6 (D|SH^^Sffi^^^''C.^^^KTi-{iLgb"C. mM2 6(D 

'^^B}^-mmi^Mvxmmmi^M\^'r^'^mx\ ^^o, _h 
[0 0 7 9] ^(Dm. ?erB^s^g2 0 m^^iumm 

/U2 9l^mmV. ^^^^^"^^"^—2 4i^m^^ 

[0 0 8 0] r. coV^mx\ SH^Bi^ggga 2 0 ^^^^ 

I&W2 8;0^bi^^4;^^^trfc^TMG, TMA, TM I , 
^■^^-^ffi-CG a N, A 1 N, I n Nfc^ VM^r.;^lbcOfl: 
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[0 0 8 1] :i(Dt^. ^^:^Wi^W2 8(DmMc\^^hm 

[0 0 8 2] bfcL^O^oT. Ste2 ecD^ffiiC}^, 



tSg2 0^«*S-T?i««/^«^<h-r^r.<Jr7S<. ffi^ 
7it#^-e\ ;0-o, ^mf^'^^B^MmW:2 0X\ ^K/.^G 

[0 0 8 3] ^fd. ::^^^#t|^«2 8cDPfltP<JrSS2 6 
2 6 cD^ffitC>rSf5|gtct?f::oT^W?'^G a N, A 1 N, 

:it~^^^x^^o 

[0 0 8 4] f^^. :^mM(DmMl^:^^^Xl±. WM:^^^ 
tVX. TMG, TMA, TMI, r>^^:^r, 7X^. 

Tt. mMi^mm-r^^itfAx^ 

[0 0 8 5] ^ti. fefe^SSB 2 0 coSJJ^W^ 2 1 

[0 0 8 6] m2i±. :$:mm(DM^ih^nmmRifMiihf^ 
^:^m(Dm2(DmM(Dmm^^^mxh^ . m2}^. * 

Xh^o 

[0 0 8 7] :^mM(DmMn. ISfH^SXS-e^tScDAO 

oh(DX\ m^^M2Rzim^^M9i^M}t^'r^h(DXh 

-So 

[0 0 8 8] *^J£(DJF^ftgJi, -btS^ 1 cO^JgcO 

?F^ti■T?fflV^f::?fer0^eSg2 O^fflV^T^f0J5j<:e^^f 5 

h(DxhVs :^mM(D]fm(Dumi^:^^^xn. ±mmi 
(DmmcDnmxm^^r^n^-^^cD^^m^^x. ^j.mm 

[0 0 8 9] Ell t;i^bf::*Sf0^S»B2 O^fflV^TG 
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[0 0 9 0] |£0^0jag;e^g2 0 fi. i^ir y^"^ — 2 4 icf;^ 

i^^;n.fc*«2 6;6^sj^:^^^2 1 [HiU\LmmM^nx^ 

M/^j^b 110 ot:^-e#M^i^^#^^xmMSs i ^tf 

v\ ^cT^tt. 7X*#Bl^t'"e*«2 6^110 or-ei^i 

mmvx^ y — :=^^/:^^-r^^s^^i^!^OfSxmMss 2 ^tf 



9 



50 



[0 0 9 1 ] i^tC, ^Sh^^SSB 2 1100 

-e#?^$tifc£«2 6^5 0 o^c^-eteTSit-^^f^^x 

U^MS 3 ^ff oT. jSta/^-/:7rjij^6;gxfMMSs 4 

[0 0 9 2] ISfs^S^B 2 0 J^. 2 6 CO^^ 

10 5 o°c-^-ex#$i^^#?^xm^as 5 ^^f o 

r.<7) 1 0 5 O^C-Cf^t^G a Nll^J^SSit^^SX 

^^^^-Tra«2 6 ^7^ip-r^o 

[0 0 9 3] rcDj:5i-> SH^B^SXgt:\ 7 0 0°C]^ 

tf^<. mm^mf^x\ ^fffi/^;fSH%jagssg2 0 

-e\ J:«9-JiSWi^^Ga N^^»ft:*£H%^^S«2 6« 
[0 0 9 4] XfE#xm^^LS^ff oTlSfB^S^ff 9 

7 0 o°CJ^>^xco^^S-e(7)^xmMs^c:^ov^T^^. * 

«2 6 (^|£f0^ftffi-e(Di^^^i)ft;O^ 7 0 O^CJ^^lTt^S'^J: 

V hmmi^^^^-r^ fjK mk2 6(D'^M^mMmt^^:^i^ 

J: 19 . 7 0 0°C)^X(Di^i^i:i^il^Tt. ^:£&^(^ff#^c^ 

o 

[0 0 9 5] XtE^ftXS^:^i;ioV^Xt). Ga 

N^^fgEliigS^tf 5^^i^. 7 0 O'^Cl^XcT^rS^^Xe^ 

[0 0 9 6] ^fc.^ *.^JScO?f#JJCoV^Tfl. r^?^Ga 
Nm^J^M^^^^MT^mi^mS 6i^oV^T7 O 0°CJ^ 

[0 0 9 7] msn. :^mm(Dm^m}^MmmRv^'^^m}^ 
^:^m(Dms(DmM(DmM^^'rmxhv . ms\±. * 

m^mm vf:i'^^m}^^'ms(DRjt^:^^:^(Dmni^Mi.xm 

[0 0 9 8] :^mM(Dmmu. mm(Dii\muf)^h(Dm^ 

u^(Du^^m-:^f^i>(DX\ m^^msRi^m^mi 0 1^ 

MJt^^h(DXh^o 

[0 0 9 9] :^MM(DMMl±. -btH^ 1 (DmM(D 

mi.f^h(DXh^ . :^mM(Dmm(Dmm\^^^^xi±. 
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[0 10 0] El3^C:^oV^-C. .^SfH^S^ga OJi, -^(D 

(D}M\c\x^ ^mmf^^^xi^^i^^Mz.^^'7°^—ti^< 

— 3 2;0^iaf^$tLT^3t9. i^'t:7'^— 3 2t;ifl. 
^i^:7°^^n:y K2 2(Z)TffllJ5feiffig|3;6^®i^9#^tbt^XV^ 

^) o 

[0101] -r^^t?^. s«2 6j^. A^i^M-'efe^i^^ 

— l&U<i^iry^°^— 3 2 <h bT 

[0102] j^mm(DmM(Dm^Bj^W'&m.2 0 ^m'^^x 

^rjfDbX. *«2 6co^0f|ftrim<h/^^i^iry^°^-2 4rtg^ 
t^ti^mSt^^^S^X. i^ir:7°^-2 4(DTffit:iffit«9# 

itbnTv^^s«2 6 ^F;f:£(7^r^t^i$jc^pi!\b. affi2 

^(D-'i^^um^m(DT^\z.WM^^fz.1^^:^Wi^'^2 St^^ 

mm 2 6 (D^M^m.^m'^i^fj^-'^xmA'is ^mM-r^o 

[0 10 3] m\z. mm^RxJMmM.X^^^^~:/d^ — 

2A\±. ^'^m^^^^XM}^^^t:.tl^<—tl.X(D^^ 

nx:^^. mpm.xh^^±y"^—2 4^^h(DmMPM^^ 

W^\.. mM'&X^UM^^X^ i:^ir:7°:^-7^^y^^^^3 l&U^ 
i^ir:/^— 3 2(Dm%(D\^m.(D}L^^nU^^'z. 
hfy-X^^o bfc^^oT. y^m^^ 2 ^ i:)^hm^2 % 

U-r^^ht^X^^ i^f4:^^^cDaS2 6c7)|SH%^gffi-^ 

[0 10 4] ^fz.^ SH%^fl:^tf5KI. 
^'3 l^U<i^'ty^^— 3 2(7)^^ffit^glJ^e^tCG 
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[0 10 5] bfc;0^oT. 1^-^:7°^— Ah/^^^^3 1 

ir:7°^ — 3 2 Jc##bfcG a N^II(D#*i;^^# 
< /^o-Ct'J^^nTa«2 6cO^H^B^Sffi--ff^i5t'r^r.<ir 

t9(7)teT^Kih^^f-^t-^f 5f£H%j3g:SSg3 Ort 

(SJ^:^^^2irt) (j:>\m%(omM^W.h^z.ht^x^^ 

[0 10 6] 7i^b\ :^^Jgc75?l^«ilc:|3V^rtl. J^^4^'^ 
Ur. TMG, TMA, TM I , T:y^:^T^ jYM. 

mM^m'^^x\^^i)^^ Ga N^+^Jtai-^lgH^^ftS^^r 

xh. mmi^mm^^^tt^x^^o 

[0107] ^ fc. ISfsJ^S^g 3 0 (D^jt^m^ 2 1\H 

[0 10 8] ia4f±. :*:^PJ(D|SH%j5g;S3gB&U^^*£Si5)c; 

fl::*^?i^7^^4(D^JfecD?f^ft|^7j^-ril]"e^fct9. 13 4^^. * 

[0 10 9] i^'MM(D'mm\^. ^^y^ — yf^^/u^^'(D^m 
m^^m^tl.fz.h(DX\ tf*rl4^I/tf*ill llzM 

Jt^-r^iycoxh^o 

[Olio] El4t^:|BV^T. 1^ir:7°^— /J>/i^^M 0 J^, 

ii^r::^-/i-^^f o/^i^^^ffi^i. mmvtmtf^o 

[0 111] :z(Di-mmv^m(D^mm^^vr:i^^y'^ 
—yt^juyAo^i^m^x. la 1 t^^U7tisfH^sgg2 

^^y°^—yi^/u^^AO(D^mw^zH^Vfz 

A KDm^^^n^tmivx. -^m}^-S:^^n(D\^±Ri^'^ 
[0112] -rt^t^^. ^^m^. m 5 i^i^-rx 5 1^. ^ 

^y^^-yt^/u^'A 2 ^^^xnm't^m^ia^. MUX 
T:=-—/UVf^h(D^^(D^^^mVX\^^^rzi^. ±m(D 

^ff5c^. '^^mf^Mlzi^^X^^y^^—yr^u^'A 2(D^ 
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4 3a ;0^t'J;6^tL^IIt'J;6^tt;6^^C§o t'J;0^tt^cll4 3 a 
[0 113] t:i^:^^K :^mM(Dmm(D^^zf^ —yi^/i^ 

— ^/i-^^^4 0 (D^^^m^^^hm^^^n^ r. z.t 20 

[0 114] /^:|b\ :$:mMMA(Dmm^^^ ^^ffi^ 
0 ^{ifflbTlgfijjagS^ff of::<Jr r.^. 1 2 0 0^=0^^5 

^mvf^m^ti^tmvx. lo(Z)ihir:7°^— 7}>/I/^Mo 

[0 115] ^(D-^^. '^M^mM^MRV^'^ikf^nmW: 30 
[0 116] *^5S(7:)?f^ft8^^:fo^v^Tt^. i^ir:7°^ 

—:^/u^'4 0 1 vxmm(D^^^i^m vx't(D^m^^ 

mn^vtrnt vx^ ^^^k -hmm s (Dmmmmxmm 

mmm&.h\^fz.'^^-f^—-^^v^^^m\^x-h^\^o 
':f^—f)^h(Dm^^^mm(D\m&x^hi^i&m^^:it 40 

[0 117] melt,. :^mm(D'^^m^^mmRi^'^^m^ 

M^'^^(Dm5(DmM(DmM^7j^-rmxhK) . men. * 

m^mmv±^^^mf^Mmm<^R^^^^y-(D^Mn\^Mvxm 
[0 118] ::^mM(DnmM. ^^(o'^M^f^Mmmt:^^ 

:^Wi^W(DmMt^ t(Dm&^ 3 0 Ommi^Ti-f^^b/':: 50 
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-So 

[0 119] f^^. :^'MM(DmMn. Aif^M 1(^'MM(D 

mm vt:.h(Dxh^ . :^mm(D]fm.(Dmm i^^^^xit. 
m 1 (DmM(Dmm(D'^^m)^wmw: 20 1 mm(Dmf^u^ 

o 

[0120] Ill6i:i:fc^V^T. ISg^jagftSg 5 0 Jl. mm 
2 6^. ^±Zf^—2 4 t^±Zf^—yi^jU^^2 7 (Dm^ 

U2 7 ai^x^-^^mf^M^^ri^'^i^vfz.v^mxm^ 
±~:f^^r2^y v2 2(DMm'r^Ti(Dmf^^nfz.mm'f2 

|g2icD0^b?:ev^ _bf|ij :7^>-^:^tci®^boo _b{|ij -7 v 

~^mtf^ox\^^o 

[0121] 0 It. RJt^m^2 1 COTS 

m'^Mmy^-r^vtrnxM^^^w^^f 2 s ^^^laf^^ttx^o 

19 . 2 8 n't(Dm^a 2 8a ^^Ste 2 6 

0% j^g^S: ffi b T fflS^ V ^ "Ciat^ ^ ^ T 

v^^o -rt^t^-h. :^^y^W^^2sn. ^(om^a 2 s a 

^mm2 6co;fSEi^j^ftffi(o^•.lL^coST(■:l'emb"c. mm 

2 Q(D'^^B}^MM^^^m^M\^^^VtmX\ ;^^o. _b 

* ^ V ^ f:: ^K: ftg Xf a ^ T V ^ ^ o 
[0 12 2] ^bT. Ste2 6fl. i^^y^"^ — n-/ K2 

2 ^iiT*r^i;-?Mjj$ii:^r. J: ^9 . i^iry'"-^ — 2 4 
^i^ir:7°^— 7}>/u^^^2 4l^tSi^^tx-rv^^^te2 6 ^Jn 

T*"fR]i^SiJ]bT. ;^;^^#t|&f^2 8cOP*ltP2 8 a <hcO 

^mf^&w&m 5 0 r. (Dmm 2 6 ct)!^^^^;!^^^ t is 7. 

#t^&f^2 SCQBtltP 2 8 <^rcD£g||d^2 0 Ommt^l^:^ 
b-CV^^o 

[0 12 3] r.cO*£fH^SSi 
^^f 9 mm 2 6 ^IS^bJ 

-Ci^iry^"^ — 2 4 <J^i^ir:7°^— 7t^y^^^^2 7 J: 
i^fcf^. ^^-f^ — xivY2 2(Dm'0\-^nhrifz.-^^'f 
^-tf^<-2 3 ^ffii«9#{t"CSJS;^lfg2 1 rti^#Ab. 
1^-^:7^^ — n^y K2 2 ^_hT;^f^te:^»$'frT. ;^f^#t 

^^1^2 8cOBftftP 2 8a <^rco£giid^2 0 Ommt^lx:^ 

bfci[^«-triag$^^o 

[0 12 4] m^. mm2 Q^mw^wp^m^^j^2 

^V)^^':f^^2 4\ZL^mWM^^^'^^X^^^d^—2 
4 ^MPMM. t V.xmm 2 6 ^iPtl b. ;^^^#^|&f^ 2 8/0^ 
bi^^^^;^'efo^TMG, TMA, TMI, r>^^:=^ 

[0 12 5] ;^^;^#t^&W2 8;0^bP*lt^ti^;^^;^cot^J5 



5 0 bTlSa^fi 
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icijftn^ r <Jr t9 . mm 2 6 co^H^B^S^ffit^m't^ff 

[0 12 6] m\^. ^^:^Wi^^2 Sc^PtfttP 2 8a 
m2 6cD|Stf0j3S;ft^ffi<irCD£Eitd ^2 0 0mm^V^9t* 

_b3zli(Dj: 5t^. :^';^#^I&W2 8;0^?5*ffi2 eicotltbf:: 

[0 12 7] bfc^O^oT. ffi^7it#^-C\ ;0^o, ^fffi/^ 

W^^*SHm^*-r ^ G a N^^^ftr^H^BlI^Ste 2 6 |S 

[0128] ^fz., :^^::^\M^-^2 S(DmMU 28a 
M2 6(D'^^Bf^M^t(Dmmd^2 0 OmmtM< b"C 

V^^fc^. .:^Vx#t|^t^2 8cD^^itii#^WSJ'r^r.<^;^^ 
-T?^. m^PSmtf^<:>Xi^fz.:^^:^W^'g2 S^(D^}i^m 

[0129] *^J£cD?F^1 
bT. TMG, TMA, TM I , r>'^:=^r, 7X^> 



[0 13 0] l^/ci. ISfijjiK- 



5 0 (D^^.m^^ 2 1 



(7) g|5 p"p CO # 1 ^ O V ^ T f ^ . IE 1^ b 1^ fg ^ m 7t -r 

[0 13 1] ^bl^. *^J£(Dff^ftgt;i:|oV^-rf^. 

I&W2 SCDRftttn 2 8a <hS«2 6 (D'^^mJ^M^ t 
gfd ^2 0 Ommt^lS::SbXV^'5;6\ 2 0 0mml^PI^ 

fc(D-eji/^< , 3 0 ommj[^T"efcttf^\ Sim^-^^B^^ 

^tt^vlir^O^-e^^o 2 8(Z)Rft|tP 2 

8 a <Jr^«2 6<7)Sf0^effi<^ri7)£gS|dfi:. @</^^f5 
^^GaN^ISH%IIcO^S31^/0^:^^<^=^«9. r.(7)£gi|d 

RtltP 2 8a i:ate2 6 (D'^^B}^^mt(DmM darn's, 

[0 13 2] 0 7}^. *^PJc7)Saj5g«Sg&U^^SfB^ 

«:*fefe(7)^6C0^5S(75?f#J^^-r[Kl-t:^fe{9 . E] 7 fl. * 
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[0 13 3] :^mM(Dnmi^. ix.lJ;i:im5^^b/^V^;^^ 

;^ ^aSic ;0-o TSScDMI H::^f^ i^«lt ^i^^ 

[0134] 7i*3\ :^mi&(Dmmi^. aium i (t^^ss^z) 

o 

[0 13 5] 0 7tC:jBV^T. IS^sjageSg 6 0 fl. 
2 6^. i^ir:7^^— 2 4 <i:1^iry^°^ — /i^/^^^^2 7(Df*f^ 

b. i^iry^"^ — 2 4(Z)_tg|^i;iJl, i^ir:7°^ — n :y K 2 2 
coTflJJ^fe*g|5tcSi ^ #{t 3 2;^^ 

idl^^^TV^^o ^±y^^ — ^^<—2 3(D±im^n. 

ir:/^-n-/ K2 2coMii-r^acO?l^j5!c^tif::^il«2 

5 ^^iEiS:$fLT*3t9 . 1^ir:7°^ — n :y K2 2J1. SjJ:^^ 
:gg2 1 c7:)El^b/^v^_b^|lJ:7^>-^;^^ci^^boo_b{|lJ:7^ 

[0136] SEfHj3gfl:Sg6 0 Jl. Si^:^^tg2 1 cOTi^lS 

^lflih-r§T{|iJ:7^>-v^6 1 ^Milbt. SjS^:gg2 1 
«2 8;6^iai^§txX:fo^'9. 2 8 J^^(Z)Rftlt P 

(DPftltP 2 8a ;0^Ste2 6 cOlgfijjagSfficO^'.b'T^STi- 

{iBbx. ^te2 6c7:)*£H%^sffi^^R&^ii:t^^^f^"r^^ 

[0 13 7] ^fc. *£fB^S^g6 OJ^. 2 

8 trn'^mmmff^vtrnxTm':^ "7 6 i ^mmv 
2mm^nx:}s^ . mm:^^:^w^^'t6 2n. ^^^mm 

(Dn^mn^i^\^t^^<^x. Rjt^^ i^mm^-^ b/^ v ^^^^ , 

[0 13 8] ^bT. Ste2 6J^, _b3£li(D J: 9 i^. f-ir 

^^ — u y K2 2;?^5_hT;^f^te:^tiJ$;n.^:iirt:iJ: ^9 . 

[0139] (D'^mmW-^W 6 0 ^\^m bTlSH^Bj^glfl: 

^ff 5 ^'^> mm 2 6 ^W^iOiSiffl :=t-r /I- 2 9 J: {9 i^ 

ir:7^5^— 2 4 Jc^f^mr;(t^^^$it"Ci^iry°^— 2 4 ^JP 
mi!i:<J: b-CSS2 6 ^^OHftb. ;^/^^#t^«2 8 7!>^?:>J^^4 
;^f^"efe^TMG. TMA, TMI. r>^^:=^r, 7X 

^mm2 Qi^i^t^^xmM-r^o 
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[0 14 0] i:J:^^Wi^^2 Si)^h^MM^i^^^i^^y^(DUS. 
fl> StS2 6-^i^ir:7°^— 2 4fc^v^tii^ir:7°^— 

[0 14 1] ^/c. «l^;^;^^#t|^t^6 2;^^bfl. 

[0 14 2] bfc^O^oX. ;0-o, ^fffi/^ 

*SH%^S^g6 0T\ i:^^pf^\^WM-^^y^X^W^^O^ 

i^^^z.tt^^x 



20 



[0 14 3] ^f::. e 2 bPfttt ^ ^fc 

Wi^m 2 8 bp*tt s f\.fz.m^i^^y^ t (D m ^'tkii ^^ -t 

l^. R}t^m^2 1 \HmH}&XWM:^^^^m^:^^:^W^W 

6 2 fj-hmM^rif^:ff^:^i^x.^M^hrix^ Rjt^m^2 

[0 14 4] bfcT^^oX. SJ£^^I§2 1 

[0145] ^ b t^. ^SfsjoicSge 6 0 ffigti;^^^#t 

;y^^#^|^S2 8;0^bo*M^ti^i^*4:^^^(Z)X£;0^D ^ 
<Jr;^^-e#. S«2 e^C^S^-^^Ga N^*J 

[0 14 6] 7:^:fc\ ^mMcDrnwA^m^xn, jwm:^^^ 

tl^X. TMG, TMA, TMI, T>'^::=-T, 7X*^ 
[0147] ^fc, ?ga^*Sg 6 0 COSJS^^^ 2 1 



30 



40 
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[0148] ^hl^. m^M^^^Wi^'ff 6 2 fl. :^^MM^ 

fiMi'^f^,:^'^ ^ r. t ^^^x^^o 

[0149] msn. :^mm(D-^^m}^^mmRv^'^^m)^ 

Mijm(Dm7 (DmM(Dmm^^^mxhD . msu. * 

m ^ mm u tc s s g ^ ss-tt ^ u r k§ 
^n^^m:^^h^fz.iEmwLmm}^mxh^o 
[0 15 0] :^mM(DnmM. Rit^i^mm^^-^vt^^^^^ 

^ *«(^^)wi{]Lg^ trMffi 1.x mm ^ nxs^jt 
a:?^^ ^ b 7i V ^ ^ ^ # A-r ^ ^ * A 

« t ^mnr- h (dx\ m^m 7 Rz^m^^m 1 4 i^Mft^^ 
^h(Dxh^o 

[0151] :^mM(DmMi±. Aimme(DmM(D 

[0152] El 8 i^^b^V^T. .^H^j^gg^g 7 0 
2 6^. 2 4 <^^1^ir:7°^— 7j^/l/^^2 7cof*i# 

gB2 7 a i^^^'^^s}^Mm^r\^^i^i.t:.v^mxm^ 

i^^:/^ — 2 4cD_bg|5tcJl. i^ir:7°^ — n -/ K2 2 

lai^stiTv^^o '^^^^—ti^<—2 3(DAim\^\^. i^ 

:y K2 2coSil-r^a(^?f^j3g$^fcigilW2 

5^^iEI^$t^X:^b^{9. i^^:7°^ — n K 2 2 Jl. SjSW 

[0153] ^fs^SSe 7 0 ^j;t^m^2 1 c^T 



50 



rtt^m:S»«A-r^«S-c^;^^^#^*^«2 8;6«is:$;tx-r 

^ «9 . 2 8 f^^(7)PftltP 2 8a ^O^Sffi 2 6 (7) 

*S H^J^ScS ffi >t b X V ^ fci^ftg-^^^^ 
TV^^o :^^;^#t|^t^2 8J^. ^(DRftftP 2 8 

a ;^^S*S2 6(7)gfBJaS;Sffi(7)43.lL^^7)KTt^^igb■r. S 

Ai^^\^\^fz.'j^mxwM^rix\^^^o 

[0 15 4] ^fz.^ Sr0^S^g7OJ^. :^'^#t^§2 

8 tWi'^mmmiffz.'^^mxi'my'yiy'jQ i ^KMb 
m,jtm^2\\H\z.m'^mix^^m^'^^:^Wi^m^ 
2mm~&f\^x^'o . ffiii^^^#^/m»6 2j±, SiS^^^gff 

2 1 rt(7)^^;^#t^tf 2 8(DS$ J: {9 t^SS$M<?f^j5g; 

$t^TV^^o ^(Dm^i^^:^Wi^'SQ 2t^^^\±. a«2 6 
[0 15 5] Se^t^. ISa^ftSg7 0Jl. ;^';^#t^W 

2 8 ^Mlffl^ffii^ Htp^ft8"eT{|iJ:7^>/v^6 1 ^Kilb 

x^ ^mm^2 1 rticf;f^»«A-r^;^^^¥AS 71;^^ 
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[0 15 6] ^bX. 6Ji, _b3zt!c7) J; 5 i-^ i^ir 10 

8 tm&mmR^^mtf^ox^^^o 

[0157] :L(D'^^sf^-S:mm 7 0 bTlSH^B^g 

iry^^^-2 4\zMMd&^m^^^X^±y^—2 

mut L.xmm2 6 ^mmv. ^^:^m'^m2 8^^hWM 

[0 15 8] ^fc, ffi|t[;y^^#t^&W 6 2)0^^(1. 20 

mm^-^v^^^^mm^^:^'^7Km^^^^^^Rjt^m^2 i^iz 

[0 15 9] ^\:^W^^V2 8^^bmM^n^:^^:^(DUm 
^'2 7#3£cO?^Si:ii:b$$bT{£V^/'::^. £K 2 6 co^ffi 

^^coiliMrjfD^i. *«2 6/^)^^(7:)Sllj^ftffi^T*f^i;if^ so 

t^i^tx^ r. <h <h 7i ^ . 2 6 co|gH%j5g;e^ffii;i^i;iff 
[0 16 0] ^bT. ttllj;^f^#t|&t^6 2;Rt/:^';^^A 

1^7 l;6^bOftlt$nfcSJ^;^i:ili:f^^#b/^V^^^^f±. 
^#t|&t^2 8;0^b^«2 6 (D'^^mf^nm^l^^^^Xm^ 

^nf^jWM:^^:^(D[K^> «9 ^Wffl b"C. mm 2 6 60Sh%^ 

;y^^*A1^7 1 -^co5fe^ffig|3;0^£tS 

2 6(7)^jg^^t9Htf{3Lg^'e®ftbTSJj^^^2 ICD 
J: l9^>?:^V^;^f^S-t:\ 2 8 /D^bSte 2 6 (7)^ 

bT. ^«2 6cD|Sa^ftffi--(^i^f4;^^^(7)#t*&a*^ 
[0 16 1] /^4b\ :$:mM(DMm^:^^^xn. WM:^^^ 

tVX. TMG, TMA, TM I , T>^^:=^T^ 
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xh. mmi^Mm^^:it^'^x^^o 

[0162] ^ /t:. '^^sf^M^&W: 7 0 (DRjtm^ 2 1 \H 

[0 16 3] ^hl^. 2Ji, 

t^2 8 J; «9 hmM(Di^Lm.xhni^. ^(DiiimRifm^. 
[0164] m9i±. Aim^^mM(Dmm(D-^^^f^Mmw: 
if 8 o(DMnmxh^o 

[0 16 5] El9tc:JoV^-r. if 8 on, if :7 

r^r»(DSH%j^SfflS«8 1 iitdHi^G a N^^^gft: 
ms 2^mf^^riX:^^ . GaN^^*ft:fll8 2J^. T 
JiT^^bnMGa N:n>-^^ hjf 8 3, nMAKGa 
(i-x) N:^^^y Kji8 4, G a N/ I ny G a ( i-y) N# 
Ji»^#FS1*Ji8 5. pfijA 1 X Ga (i-x) N:^^^y K 
Ji8 6. pflljGaN^^-^:^ hji8 7;^^^^^^^jlli^a 
M^thX^^^o x = 0. 2, y = 0. 05"efe 

o 

[0 16 6] :mhmm^nx\^^'^^sm\^. nmmm 

8 8 z^^nMG aN^>^^^ hJSS 3 tm-t ^ :L t ^'^X^ 
5t-nSGaN:=i>^^^ hJl 8 3 ^ 

^-r:fc^'9 . nMS+18 8 <^ nMG a Nr3>-^:^ hjg 8 3 

-^^^:t—^^y^m^vx^^^o mm^nx^^^^'^^mmn. 

[0 16 7] pMmtM8 9^1. SEi}jl(7:)*_bji"efe^ p 
MGaN3>^^:^ hJi8 7_tt^?f^^$tX. p 8 9 

[0 16 8] ^bx. :i(DXot^^mi^i^—^8 on. 

^^^t. mmt^m}^x\ /o^o, ^mt^m^mj^-mmmx. 

[0 16 9] El9"ef±, #Ji»^#F?SttJi^'a 

|>^3S#:u-if 8 Ote:ov^Tfj£0Jbfc;6^. :^JiS^#F 

SttJB^SCH (Separate Confinement Heterostructu 

re) mm^h^^^\±:irih^m^^t>^^(Du—^mm 

>^ V? ^ ^ ^ m ^ ^> M ^ ^ CD K CO IS am ^ s * ^ 

[0 17 0] jL^_b. *-Mf3)!#^C j;oT/^^;tx/'::«P^^^T 

Aim(Dh(Dizm'^^ri^h(Dxn/^< . ^(d^w^mbl 
b V ^mm xm^ ^^^^mx h^:itm^9^xht^ 
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[0171] 

{tcitX^. X. y = 0~l) ^^t^'^^Bfk^^^bm 
[0 17 2] lf*3:S2ta«c(^^Kco;fSH^B^SS«i^J:^ 

a«coj]n^?^S;^^ 7 0 oT:)^_h<h/^^xm^/>/^< 

fc— XfMtf 5(Z)-T:\ ia>#r;fL;^^ii*<i: 7 0 0°C^_b 

[0 17 3] mim.'^wM(DmR(om^^^wmm'^^f\^ 

^ — )0 ^ b $g ft -t: ^ — CD ^ jg ^ S _t # ^ 

r. ^ ^ J: {9 — jiii^^udKih-r^ r. i: 
* b T *S ii i :i jogs ^ix^yi^ K /^^^^ {^y-r ^'z.t^ 30 

[0 17 4] |f*JS4tB*cD^0^cDSH%^*SMt^^tl. 

tf. mm(Dm^^}^^^'uom(Dmmmv(DW7^^m-^x 
mwMt\^x(D^^y^^-f)^h(Dmmm^wii. 

trff^^ bX V ^ ^(DX\ MWMX^^ i^ir :7°:^ b cD$g 
[0 17 5] ff*ii5fSic^D^BJcDSH^H^fl:SgJC 

tf> ;y^^#^7^«(7)i^f4::^^^(7)Pj?:#mbP<h»«c7)Sfe^ 



30 

*«co;fSH%.)3S;gffi<^(^£Eit^ii:a:f^/tbx. i--fr^7h 

[0 17 6] tf*ll6tB*(D^?^CO;fSH%.j3gfl:S©^^ 

SJJ;^icii:t^*^b/^v^^xcD;^^^^pftM'r^^x^^ 

^ Wi^ ^ . S j^Slfl: ^tf 9 #J CD ft ffi ^ - i- ^ 

(D\±m.\^ \^ ;o^o T^X(D ^m^-t^'^mxwM b-c 

Wi^^^^Ltt^^x^. mn^fmrn^x^^-m^mm^u 
Rjt^^m.m<DHm^nu\^x . Rjt^mm(Dmwm^^m 

-So 

[0 17 7] tf*ii7tEicCO^P^cD,^H^0^S:Smi:i 
tf. SJj^^^ii:^^^b/^V^^HcD:^^^^SiS^^^i^tC3g 

"r^:&f^^^b:^^^#t^«(Z)P^^ffibP J: «9 hmkM^^^ 

ft b r . s f ^ s « s jog e ^ tf 5 f M'J ft ffi ^ fflS fw] b f i 
g -e o T # ;^ ^ ;^ {ig ^ -XT ® ft b X ffil^ b X V ^ § 

(7) X. ^ * A - b Pfi It $ ti. ^ ^ CO ;^ -e ^ #t 1^ 
«/0^b*te^^P*M$t^fciS^t^4;y^^^7)J^S;^?; {9 {9 

ftfO bX. J: 19 — iiJ^W^^^ 

X J: {9 -iil^^^TilSlliTgS^tf 5 r. /j^X# ^ <Jr <Jr t 

SObx. SiS^^^^r#'^Sit^M^>^i^^r.<J:;^^x#. 

[0 17 8] ff*ii8fH<c(Z)^0j(DSH%j?gS:*rffitr 
m:S(^SJ^;^^l§rtXi^ir:7°:^-i;if*f^^nfcS«^ 
fir ni^ boo ^ #t|&l^ b JS»:^';^ ^ S« ^e: 

P*ltb. ^teSi^^S^XA 1 X I riy G a (1-X-.) N(/c 
/-fb. X. y = 0~l) ^^tflSreJsgS^^f S 

S^^ISS^S^tT 9 fflJ(Oftffi^. M:ti<^S>ct:&fR](7:)-<^ 
^/^^e:>^bX>c^f^•f^^^f^^;lf^v^fc^[^ffiXf5gb. iSy^ 

Wi^m(Dm^:^^ ^C7)Pjc^mbP^^ t^S« C7)^ f^JnicS ^ 

fT 5 fMtJ(7)ftffit;iM bXffl&^Ht-Mf^-r ^^tlXiBt^ bX 

[0 17 9] ff*il9tSa(7^^KcD|SEijj3S:g*ffil:-J:^ 

tf. mm(DMmum^)'^ 7 0 oT:]^_h<h/^^xs^/>/^< 



( 17 ) 



2000-91246 



31 

[0 18 0] ff*iii omM(D^m(D'^i'sf^^jjm^^ 

[0181] !f*rii imm(o^m(D'^^^^^jjmi^x 
xmrnrnt^xcD^^y^-^^hcDWiMm^wcii. m, 

(DmMm^x^^y^—(D^mmm(Du^ff^±^'t^ r. 

[0 18 2] if*ril 2fB«c(D^K(7:)*gH%j5KS:*r>^fet^ J: 

^^^x^. :^^:^w^^^(D^mmm^i&m'r^:it^^^x^^ 
tmm(D'^^m^M^t(D^m^M^m'm.vx. u^t^ 

[0 18 3] lf*rll 3tSicCO^i^(^*gfH^e*ffii^J: 
^m^M^no:it^'^X^^tthl^. R}t^m^(D\^m^ 50 



32 

[0 18 4] ff*3Sl 4tEiScCD*PJc7:)*SH%^S*?ii^J: 

f f . SiS ^ ^ Li:s^ ^ b /.^ V ^ m H (Z) ^ ^ RjJc; \^ I ^ 
\tLWxi> o rS;^fn]:^;^(D{AA^-^ -CMffi bxiat^ bTV ^ 

[laffic^ffi^Tifj^i^] 



[1112] 7^^91co;^||j3KSSm^mi^Hljj3ge:^ffico^2 
[0 3] *«PJ(Z)*£fBj,6;ftyggXtJ<*SfB^e:^&c^m3 



[13 4 ] .:*:^|^1(D;i$||j3gSSm^I/rfSHljj*«:^^^^ 

[05] ^^^(D^^zf^—yt-jv^'cDmUmo 



[0 7] *^i^cD.ISH%>5g;SS 



[0 8] :^^m(D'^^Bm.^mwRx3'i^^nm. 



[0 9] *^sj(DisfBj5gftsg&u^;sH%^e*ffi-e^^j^ 

$tlfcG a N^^5gft:?^gf0|g^3tfflbf::^^ft:i^-if'8 

0 coi4m0o 

[010] t^*C0MO-VP E^fecolS^^ftSffcOiEffi 
[011] t^*coteco|Sa^ftSgcOiEffi«tB&tff^0o 
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34 




2 1 

2 2 — >y K 

2 3 ^^ir:7°^ — 
2 4 
2 5 

2 6 mm 

2 7 i^ir — aN/^^^^ 
2 7a i^WU 

2 8 ;^^;^^|^f^ 

2 8a p#MP 

2 9 ^^iPH^ffl ^4/1^ 

3 0 ^^J^6];B:SH 
3 1 — 

3 1a tSrf^g^ 

3 2 i^ir:/^— 

4 0 i^^:7°^— aN/I^^^^ 
4 1 

4 2 i^^:7°^— /J^/i/^^^ 
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